Background: Elderly individuals with chronic kidney disease (CKD) have high rates of comorbid conditions, including cardiovascular disease and its risk factors, and CKD-related complications. In individuals aged Ն 65 years, we sought to describe the prevalence of CKD determined from laboratory test results in the Kidney Early Evaluation Program (KEEP; n ϭ 27,017) and National Health and Nutrition Examination Survey (NHANES) 1999-2006 (n ϭ 5,538) and the prevalence of diagnosed CKD determined from billing codes in the Medicare 5% sample (n ϭ 1,236,946) . In all 3 data sources, we also explored comorbid conditions and CKD-related complications.
from the National Health and Nutrition Examination Survey (NHANES) suggest that chronic kidney disease (CKD) prevalence is highest in the elderly; the prevalence is 38% in participants aged Ͼ 65 years compared with 13% in the overall US population. 3 In addition, data from population-based prospective cohort studies, such as the Community Health Study (CHS), or from clinical populations, such as Kaiser Permanente, support that risk of cardiovascular disease morbidity and mortality associated with decreased kidney function is dramatically increased in the elderly. [4] [5] [6] [7] [8] [9] [10] [11] The presence of CKD affects diagnosis and treatment decisions for these other conditions, and clinical care for patients with CKD requires a careful approach and ongoing monitoring.
Elderly patients with CKD are more likely than younger patients to have high rates of comorbid conditions, including cardiovascular disease risk factors, and CKD-related abnormalities that complicate the management of these comorbid conditions. 12 However, data are lacking regarding the prevalence of these conditions in the elderly, contributing to the lack of understanding regarding the impact of CKD in this population. Thus, we sought to describe the prevalence of CKD and diagnosed CKD, comorbid conditions, and CKD-related complications in people aged Ն 65 years using 3 cohorts: the Kidney Early Evaluation Program (KEEP), NHANES 1999 NHANES -2006 , and the Medicare 5% sample. Comparisons among these 3 populations can inform us of the strengths and limitations of each data set.
METHODS

Kidney Early Evaluation Program
KEEP is a free community-based health screening program that targets populations aged Ն 18 years at high risk of kidney disease, defined as history of diabetes or hypertension or first-order relative with diabetes, hypertension, or kidney disease, as described in detail previously. 13 Since August 2000, the program has screened Ͼ 128,000 participants from 49 states and the District of Colombia. In this study, we included 107,309 eligible KEEP participants from August 2000 through December 31, 2008 , from 47 National Kidney Foundation affiliates and 2,336 screening programs in 49 states and the District of Columbia. We excluded participants with missing creatinine or albuminuria data and participants aged Ͻ 65 years, leaving a study population of 27,017 (Fig 1) .
NHANES (1999-2006)
NHANES consists of cross-sectional, multistage, stratified, clustered probability samples of the civilian noninstitutionalized US population. The surveys are conducted by the National Center for Health Statistics, and data are appropriate for estimating the prevalence of chronic conditions in the United States. Survey participants were interviewed in their homes and/or received standardized medical examinations in mobile examination centers. In 1999, NHANES became a continuous annual survey to allow annual estimates, with release of public-use data files every 2 years. The study population was restricted to NHANES 1999-2006 participants aged Ն 65 years (n ϭ 5,538).
Medicare 5% Sample
The Chronic Disease Research Group has created Standard Analysis Files from the Centers for Medicare & Medicaid Services billing data and denominator files, as described previously.
14 Standard Analysis Files are compiled from the Medicare 5% files, which comprise all claims for a random sample of 5% of the Medicare population. Data include 2 Figure 1 . Creation of the analytical data sets. Abbreviations: CKD, chronic kidney disease; KEEP, Kidney Early Evaluation Program; NHANES, National Health and Nutrition Examination Survey.
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types of claims data (Part A institutional claims and Part B physician/supplier claims) and demographic and enrollment information from the annual denominator data. The study population was restricted to 2006 Medicare beneficiaries aged Ն 65 years (n ϭ 1,236,946; Fig 1) .
Definition of CKD
In KEEP and NHANES, CKD was defined as estimated glomerular filtration rate (eGFR) Ͻ 60 mL/min/1.73 m 2 or albuminuria. GFR was estimated using the 4-variable Modification of Diet in Renal Disease (MDRD) Study equation. 15 Serum creatinine values for KEEP and NHANES were calibrated to standardized serum creatinine levels at the Cleveland Clinic Research Laboratory. 16, 17 Albuminuria was defined as albumin-creatinine ratio Ն 30 mg/g from a single measurement. In the Medicare 5% sample, laboratory tests were not available and CKD was defined as Ն 1 inpatient claim or Ն 2 outpatient or physician or supplier claims during the year with appropriate International Classification of Diseases, Ninth Edition, Clinical Modification codes (ICD-9-CM), shown in Item S1 (provided as online supplementary material available with this article at www.ajkd. org). To differentiate between CKD determined using laboratory tests and using billing codes, we use the term "CKD" for KEEP and NHANES participants and "diagnosed CKD" for Medicare beneficiaries.
Definitions of Comorbid Conditions
In the KEEP cohort, comorbid conditions were defined as follows. Diabetes was defined as history of diabetes (selfreport or retinopathy), use of medications to treat diabetes, or, in the absence of these factors, fasting blood glucose level Ն 126 mg/dL or nonfasting blood glucose level Ն 200 mg/dL as measured in KEEP laboratory tests. Hypertension was defined as history of hypertension (self-report) or use of medications to treat hypertension, or by blood pressure measurements obtained during the KEEP screening of systolic blood pressure Ն 130 mm Hg or diastolic blood pressure Ն 80 mm Hg for participants with a history of diabetes or CKD or otherwise systolic blood pressure Ն 140 mm Hg or diastolic blood pressure Ն 90 mm Hg. 18 All other comorbid conditions were self-reported.
Hemoglobin was measured for all participants, and anemia was defined as hemoglobin level Ͻ 13.5 g/dL for men and Ͻ 12 g/dL for women. 19 However, because anemia in people with eGFR Ն 60 mL/min/1.73 m 2 is unlikely to be caused by CKD, we report anemia for only participants with eGFR Ͻ 60 mL/min/1.73 m 2 . Other biochemical tests, including parathyroid hormone, calcium, and phosphorus, were performed only for participants with eGFR Ͻ 60 mL/min/1.73 m 2 . High cholesterol level was defined as total cholesterol level Ͼ 200 mg/dL; hypocalcemia, as calcium level Ͻ 8.4 mg/dL; hyperphosphatemia, as serum phosphate level Ͼ 4.6 mg/dL for CKD stages 3 and 4 and Ͼ 5.5 mg/dL for stage 5; and hyperparathyroidism, as parathyroid hormone level Ͼ 70 pg/mL for CKD stage 3, 110 pg/mL for stage 4, or 300 pg/mL for stage 5.
In NHANES, self-reported comorbid conditions included diabetes, heart attack, coronary heart disease, angina/angina pectoris, congestive heart failure, stroke, and cancer. Blood pressure, cholesterol, phosphate, calcium, and parathyroid hormone were measured for all participants. However, for comparison with KEEP data, they are reported for only participants with eGFR Ͻ 60 mL/min/1.73 m 2 and are described using the same definitions as in KEEP. Definitions for abnormal biochemical parameters were the same as in KEEP.
In Medicare data, diabetes, hypertension, atherosclerotic heart disease, congestive heart failure, cerebrovascular accident/transient ischemic attack, peripheral vascular disease, and cancer were defined as Ն 1 inpatient claim or Ն 2 outpatient or physician or supplier claims with the appropriate ICD-9-CM codes during the year; 20 relevant codes are listed in Item S1. The Medicare sample analysis is based on diagnostic codes, and analyses of biochemical data were not possible.
Statistical Analysis
The overall prevalence of CKD in the KEEP and NHANES populations and risk factors for CKD were determined. Most analyses were descriptive, and 2 tests were used to compare CKD prevalence by risk factors and comorbid condition prevalence by CKD status. To assess the prevalence of CKD complications in participants with CKD, we also calculated 95% confidence intervals for prevalence. Analyses were performed incorporating NHANES sampling weights to obtain unbiased estimates from the complex NHANES sampling design using SUDAAN (Research Triangle Institute, www.rti.org). P Ͻ 0.05 is considered statistically significant. However, we did not statistically test differences in prevalence across study cohorts (KEEP, NHANES 1999-2006, and Medicare) because: (1) the data sets are different (KEEP is volunteer data, NHANES is random-survey data, and Medicare is claims data) and (2) definitions of comorbid conditions are different for different data sets.
RESULTS
Of the 3 cohorts, the KEEP population was younger with higher proportions of women, African Americans, and diabetes and hypertension, and lower prevalences of high cholesterol levels, coronary artery disease, and peripheral vascular disease ( Table 1) . Distributions of age, sex, and race were similar in the NHANES and Medicare populations.
In both the KEEP and NHANES populations, ϳ44% of participants aged Ն 65 years were determined to have CKD, with similar proportions in subgroups defined by age, sex, and race (Table 2 ). Figure 2 shows a similar decrease in eGFR level by age in these populations. Of KEEP participants with CKD, 77% had stage 3 and 5% had stage 4 or 5. In NHANES, the comparative percentages were 69.3% and 4.8%, respectively. In contrast, only 7% of Medicare beneficiaries had claims with a CKD diagnosis code in 2006. In all 3 data sets, the prevalence of CKD or diagnosed CKD was higher for participants aged Ն 80 years and participants with diabetes, hypertension, coronary artery disease, congestive heart failure, peripheral vascular disease, or cancer than for younger participants and participants without these conditions. Table 3 lists prevalences of comorbid conditions in participants with and without CKD. In all 3 data sets, most participants with CKD had multiple concomitant conditions, and people with CKD were more likely than people without CKD to have diabetes, hypertension, high cholesterol levels, coronary artery disease, cerebrovascular disease, and cancer. In NHANES and Medicare, people with CKD also were more likely to have peripheral vascular disease. Prevalences of diabetes and cancer were lower in NHANES participants with CKD relative to the KEEP and 5% Medicare samples. Diabetes, coronary heart disease, heart failure, and cerebrovascular and peripheral vascular disease were more prevalent in the Medicare CKD population. These findings are consistent with diabetes as a criterion for KEEP screening and Medicare as a referred population. Figure 3 shows prevalences of comorbid conditions by eGFR level in the KEEP (Fig 3A) and NHANES (Fig 3B) populations. In KEEP, coronary artery disease, congestive heart failure, cardiovascular disease, and cancer increase with decreasing eGFR. The pattern is similar in b Coronary artery disease included history of heart attack, coronary artery bypass graft, and angioplasty in KEEP; history of heart attack, coronary heart disease, and angina in NHANES, and atherosclerotic heart disease in Medicare.
c Cerebrovascular disease is defined as stroke in KEEP and NHANES and cerebrovascular accident or transient ischemic attack in Medicare.
d Peripheral vascular disease includes limb amputation in KEEP. In NHANES 1999-2004, peripheral vascular disease is defined as ankle-brachial index Ͻ 0.9; the higher of 2 measurements was used in this study. 21 d Coronary artery disease included history of heart attack, coronary artery bypass graft, and angioplasty in KEEP; history of heart attack, coronary heart disease, and angina in NHANES, and atherosclerotic heart disease in Medicare.
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e Cerebrovascular disease is defined as stroke in KEEP and NHANES and as cerebrovascular accident or transient ischemic attack in Medicare.
f Peripheral vascular disease includes limb amputation in KEEP. In NHANES 1999-2004, peripheral vascular disease is defined as ankle-brachial index Ͻ 0.9; the higher of 2 measurements was used in this study. 21 
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NHANES. In both data sets, the prevalence of high cholesterol level decreased with decreasing eGFR.
In KEEP and NHANES participants with available laboratory data and GFR Ͻ 60 mL/min/1.73 m 2 , a substantial proportion of participants had anemia or abnormally increased phosphate or parathyroid hormone levels ( Table 4 ). The prevalence of high cholesterol levels was higher in NHANES participants, and prevalences of ane- mia and hyperparathyroidism were higher in KEEP participants. Figure 4 shows calcium, phosphate, and parathyroid hormone levels by eGFR level for participants with eGFR Ͻ 60 mL/min/ 1.73 m 2 in KEEP and NHANES. In both populations, serum calcium levels were lower and serum phosphorus and parathyroid hormone levels were higher for participants with eGFR Ͻ 30 mL/min/1.73 m 2 than for participants with higher eGFRs.
DISCUSSION
Chronic kidney failure disproportionately burdens the elderly. The median age of new dialysis patients now is 65 years, and the fastest growing age group is Ͼ 75 years. Thus, kidney disease in elderly patients is an important focus for public health and clinical care. 22 Because earlier CKD stages precede and are far more common than kidney failure, understanding the characteristics of CKD in elderly patients at these earlier stages is essential to patient care and can help identify resources required to organize this care. Understanding the characteristics of the data sets from which we drew our conclusions can inform us of potential biases in our results.
The high prevalence of CKD in patients aged Ն 65 years noted in our analyses of KEEP and NHANES data is consistent with prior reports in the United States 3,23 and other countries. 24, 25 Despite consistent prevalence reports, there has been considerable discussion about whether CKD in the absence of a known cause of kidney disease should be considered kidney disease. [26] [27] [28] [29] In our analyses, prevalences of concomitant illnesses and biochemical abnormalities were high for patients with CKD; this in itself supports CKD detection, even if it is only a marker of other diseases, because these patients require more intensive care and monitoring. Furthermore, many of the illnesses are risk factors for CKD, and the biochemical abnormalities are complications of decreased kidney function; therefore, their presence also provides some evidence that decreased GFR represents actual kidney disease rather than an age-related decrease.
The high prevalence of cardiovascular risk factors in patients with CKD, as well as cardiac and other vascular diseases, suggests that the underlying cause of CKD in elderly patients may be a form of diffuse atherosclerotic vascular disease. This hypothesis is consistent with prior autopsy, pathophysiologic, and epidemiologic studies and suggests that the current perspective, that kidney disease cause in the elderly is related primarily to diabetes, hypertension, or both, may be too simplistic. 30, 31 The strong association between CKD and cardiovascular disease events and mortality has been shown in multiple populations, possibly suggesting that CKD represents a complex cardiovascular risk state that is not caused simply by the presence of shared cardiovascular disease risk factors. [5] [6] [7] [8] [9] [10] [11] More mid-and late-life studies are needed to more fully explore this hypothesis.
We found a lower prevalence of diagnosed CKD in Medicare beneficiaries than in the KEEP and NHANES participants. In the Medicare cohort, CKD was defined on the basis of claims data, whereas in the KEEP and NHANES cohorts, CKD was defined using laboratory tests. This provides evidence for the low sensitivity of diagnosis codes to identify CKD and likely reflects low awareness of CKD among physicians or coding practices, 25,32,33 possibly caused in part by continued use of serum creatinine measures instead of eGFR.
34, 35 Thus, Medicare or other administrative data should not be used to determine CKD prevalence per se. Nevertheless, the Medicare data showed associations of CKD with concomitant illnesses consistent with those observed in the KEEP and NHANES data, suggesting that Medicare data can be used to study CKD burden in people identified by claims as having CKD. The higher prevalence of vascular disease in the Medicare population compared with KEEP and NHANES may represent that patients identified as having CKD from Medicare data are seeking medical care; they are not members of a screening sample or the general population. Therefore, Medicare data in particular may be useful to quantify the burden of CKD on the health care system. Some abnormal biochemical findings were more common in KEEP than NHANES participants, consistent with KEEP being a targeted at-risk population. Interestingly, despite the higher prevalence of abnormal biochemical findings in KEEP, CKD prevalence was similar and the decrease in eGFR observed with older age was consistent in both data sets, suggesting the generalizability of KEEP to the elderly population in the United States. However, KEEP participants with CKD were more likely to have diabetes and cancer, and NHANES participants with CKD were more likely to have high cholesterol levels, coronary artery disease, heart failure, and peripheral vascular disease.
All together, these data reinforce and show the high burden of chronic conditions in elderly patients with CKD-related complications. CKD affects diagnosis and treatment decisions for these other conditions. 36 Clinical care for patients with CKD requires a careful approach and ongoing monitoring. Elderly patients are susceptible to acute kidney injury and side effects from medications and diagnostic and therapeutic procedures, [37] [38] [39] [40] which are a major source of morbidity and cost in hospitalized elderly patients. 40 Early detection of CKD and appropriate management will help prevent these adverse outcomes.
The strengths of this study include the use of 3 different cohorts, each with its own characteristics, showing persistence of CKD prevalence in 2 data sets, with multiple comorbid conditions and CKD-related complications across all 3 populations. In addition, the comprehensive description of concomitant illnesses and biochemical abnormalities provides a comprehensive view of the burden of CKD in these populations.
The study has several limitations. First, because biochemical data are unavailable in Medicare claims, we were unable to extend analyses of biochemical variables to the Medicare popula-tion. Second, different disease definitions sometimes were used in the different data sets; however, when possible, we defined the diseases similarly, and definitions in KEEP were designed to be consistent with those used in NHANES. Different assays were used in NHANES and KEEP, a difference most relevant to parathyroid hormone. Third, CKD diagnosis in KEEP and NHANES is made on a single sample; therefore, we cannot confirm the chronicity of the disease. Fourth, the MDRD Study equation is not accurate at higher levels of GFR and overestimates GFR in people with reduced muscle mass, such as the frail elderly. 41 Finally, KEEP is a selfselected population; however, the demonstrated results, consistent with NHANES, support its generalizability.
In conclusion, CKD is common in the elderly population and is associated with a high frequency of concomitant chronic illnesses and biochemical abnormalities. Elderly patients with CKD require careful attention and monitoring. They are at high risk of cardiovascular disease and require intensive risk management. They also are at high risk of side effects from medications and procedures related to these conditions, many of which increase risk of acute kidney injury and CKD progression. However, it is likely that CKD is not commonly diagnosed in clinical practice; greater emphasis should be placed on physician education about CKD.
